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OBJECTIVE: To examine the association between inter-
pregnancy weight change and the risk for adverse maternal
and neonatal outcomes.
METHODS: All live-born singleton births delivered at
21–42 weeks of gestation in women who had their first
two consecutive births between 2009 and 2011 in Flan-
ders (the northern part of Belgium) and who were
included in the Study Center for Perinatal Epidemiology
database (N57,897) were included. Interpregnancy
weight change was calculated as the difference between
the prepregnancy body mass index (BMI) of the first
pregnancy and the prepregnancy BMI of the second
pregnancy. Multivariate logistic regression analysis to
predict gestational diabetes mellitus, pregnancy-induced
hypertension, cesarean delivery, macrosomia (4,000 g or
greater), low birth weight (less than 2,500 g), and con-
genital malformations were performed.
RESULTS: The adjusted odds ratio (OR) for gestational
diabetes mellitus was 2.25 (95% confidence interval [CI]
1.33–3.78; P5.002) for interpregnancy weight retention of
2 or more BMI units, and the adjusted OR for pregnancy-
induced hypertension was 3.76 (95% CI 2.16–6.57;
P,.001) with an increase of 3 or more BMI units between
pregnancies, but these associations were only present in
underweight and normal-weight women. In overweight
and obese women, the adjusted OR was 2.04 (95% CI
1.41–2.95; P,.001) for cesarean delivery for an inter-
pregnancy weight retention of 2 or more BMI units. In
underweight and normal-weight women, the risk for
macrosomia was halved if women lost more than 1
BMI unit between pregnancies, but at the same time,
the risk for low birth weight doubled.
CONCLUSION: We show that weight retention between
the first and second pregnancy is associated with an
increased risk for perinatal complications, even in under-
weight and normal-weight women. Stabilizing interpreg-
nancy weight appears an important target for reducing
adverse perinatal outcomes in a second pregnancy.
(Obstet Gynecol 2013;0:1–11)
DOI: 10.1097/AOG.0b013e3182a7f63e
LEVEL OF EVIDENCE: II
The prevalence of obesity (body mass index [BMI,calculated as weight (kg)/[height (m)]2] 30 or
greater) among women of reproductive age is increas-
ing in most developed countries to worrying rates.1 In
pregnant women, the prevalence of obesity varies
between 1.8% and 25.3%.2 In Flanders, the northern
part of Belgium, prepregnancy BMI and gestational
weight gain have been systematically registered for all
births since 2009 and a slight increase in the incidence
of maternal obesity from 10.1% in 2009 to 10.7% in
2011 has been reported.3
Obese pregnant women and women with exces-
sive gestational weight gain are estimated to carry a
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two- to fourfold increased risk for gestational diabetes
mellitus (GDM), pregnancy-induced hypertension,
and cesarean delivery compared with women with
a normal BMI (18.5–24.9) and with those with an
adequate gestational weight gain.2,4–11 Low and high
birth weight neonates are also described more com-
monly in underweight and obese pregnant women,
respectively.4,5 The cross-sectional design of most
studies on the subject calls for caution when interpret-
ing the results. Longitudinal data from large cohorts of
pregnant women are needed to get stronger and valid
estimates on the temporal and causal relation between
maternal obesity and perinatal outcomes. This means
that perinatal risks should also be analyzed against
changes in maternal weight between two consecutive
pregnancies.
Differences between pregnancy-related maternal
weight retention and physiologic weight change in
a woman’s life cycle can be identified if we study
interpregnancy weight changes in a relatively small
interpregnancy time interval.12 Studies about inter-
pregnancy weight changes and perinatal outcomes in
the next pregnancy are rather scarce. Only one large
Swedish study demonstrated an approximately two-
fold increased risk for pregnancy-induced hyperten-
sion, GDM, and large-for-gestational-age neonates if
women gained 3 or more BMI units between the first
and second pregnancy.13 Most studies took advantage
of large interpregnancy time intervals and studied
only one or two perinatal outcomes14–18 or had small
sample sizes.19
We therefore examined associations between
maternal weight changes between the start of the first
and the second pregnancy and the risk for adverse
perinatal outcomes in a regional representative cohort
of women who had their first two consecutive
singleton births in Belgium between 2009 and 2011.
MATERIALS AND METHODS
As from 1996, the Flemish Study Center for Perinatal
Epidemiology routinely registers perinatal data from
all deliveries in Flanders. Perinatal data from all
maternity units are collated centrally, subjected to
an error detection program, and checked for accuracy
and completeness through feedback with the individual
maternal units and reassessment of patient records,
when needed.20 In case of extreme values (considered
outliers) or missing values, the maternity units are con-
tacted for confirmation or correction. All data refer to
stillbirths or live births of neonates with a weight of
500 g or greater; the definitions used are in agreement
with those from the World Health Organization and
the Fédération Internationale de Gynécologie et
d’Obstétrique.21 Data from the Study Center for Peri-
natal Epidemiology database contained information
about maternal and gestational age (completed weeks)
at delivery, maternal height and weight before
pregnancy, and weight at delivery (since 2009), parity,
pregnancy-induced hypertension, GDM, mode of
delivery, birth weight, congenital malformations, and
perinatal mortality.
For this analysis, data were linked by matching
four key variables: parity, maternal date of birth,
neonate date of birth, and maternity center. By
merging the variables for the first and second delivery
in the same mother, interpregnancy weight difference
was calculated. Multiple pregnancies were excluded.
In total 200, 706 singleton births occurred between
January 2009 and December 2011. After exclusion of
those with missing first date of birth in their second
pregnancy data file (n52,821) and missing maternal
height or prepregnancy weight or weight at delivery
(n517,216), the data for 180,669 births remained.
After merging women who had their first and second
birth between 2009 and 2011 (n58,792) and exclud-
ing those with differences in maternal height more
than or equal to 5 cm between the two consecutive
pregnancies (n5895), the final cohort for analysis con-
sisted of 7,897 women. Ranges of maternal height
(1.42–1.90 m), prepregnancy weight (35–144 kg),
and weight at delivery (44–160 kg) were found to be
acceptable to us.
The scientific committee of Study Center for
Perinatal Epidemiology granted approval for the
analysis of the deidentified data. This study was
furthermore exempt from approval by an institutional
review board because data were used for scientific
purposes only.
Body mass index was categorized according to
the World Health Organization in underweight (BMI
less than 18.5, n5375), normal weight (BMI 18.5–24.9,
n55,517), overweight (BMI 25–29.9, n51,444), and
obese (BMI 30 or greater, n5561). Gestational weight
gain was calculated by subtracting the maternal pre-
pregnancy weight from the weight at delivery and
was categorized as insufficient, adequate, or excessive
in accordance with the 2009 Institute of Medicine
guidelines for each BMI category.22 Prepregnancy
weight and height were self-reported during pregnancy.
Maternal weight at delivery was measured in the deliv-
ery room or, if not available, the weight at the last
prenatal visit was used. Interpregnancy time interval
was calculated as the number of completed weeks
between the birth of the first and the second
neonate minus the duration of the second pregnancy
(weeks). Interpregnancy weight change was calculated
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as the difference between the prepregnancy BMI of the
first pregnancy and the prepregnancy BMI of the sec-
ond pregnancy. Besides analyzing it as a continuous
variable, we categorized interpregnancy weight change
into two different ways. First, we categorized the differ-
ences in BMI as less than 21 (BMI loss more than
1 unit), 21 to less than 1 (reference group), 1 to less
than 2, 2 to less than 3, and 3 or more BMI units. This
classification was also used in relevant earlier publica-
tions on the subject.13,23 Second, we categorized inter-
pregnancy weight gain on the basis of a shift in BMI
category from the first to the second pregnancy as pre-
viously used.14 For example, a woman who was over-
weight before her first pregnancy and obese before her
second pregnancy was categorized as overweight–
obese. This led to 14 categories as presented in Table 1.
The latter was only used for descriptives.
We considered six main outcomes of interest: two
complications related to the pregnancy (GDM and
pregnancy-induced hypertension), one related to birth
(cesarean delivery), and three related to the neonate
(macrosomia [4,000 g or greater], low birth weight
[less than 2,500 g], and congenital malformations). All
of these outcomes were retrieved from the Study
Center for Perinatal Epidemiology database.
The association between two continuous variables
was investigated with Spearman’s correlation coeffi-
cient. The association between two categorical varia-
bles was investigated with the likelihood ratio x2. The
association between a continuous and a categorical
variable was investigated with the Kruskal-Wallis test.
For each perinatal outcome variable (GDM, pregnancy-
induced hypertension, cesarean delivery, macrosomia,
and low birth weight), we built a logistic regression
model with stepwise forward variable selection on the
following variables: interpregnancy weight change as
a categorical variable, prepregnancy BMI at the first
pregnancy, interpregnancy time interval, gestational
age at delivery in the first pregnancy, maternal age
during the second pregnancy, gestational weight gain
according to the Institute of Medicine recommenda-
tions, GDM, pregnancy-induced hypertension, induc-
tion of labor, cesarean delivery, macrosomia, low
birth weight, major malformations, and perinatal
mortality during the first pregnancy. The obtained
variable selection was verified with backward selec-
tion of variables and assessment of the x2 statistic
score. We checked for outliers and the dfb of the
obtained variables coefficients. Because we found
statistically significantly interactions between the
prepregnancy BMI at first pregnancy and categorical
BMI changes between pregnancies, we decided also
to build logistic regression models for each outcome
stratified by whether the woman’s prepregnancy
BMI at first pregnancy was below or above 25. All
P values were two-sided and values ,.05 were con-
sidered statistically significant. If we adjust for the
multiplicity problem related to: 1) the six multiple
outcomes; and 2) the different cutoffs for interpreg-
nancy weight change (four cutoffs and one merged
category), the statistical significance level then becomes
.05/(6+4+1)5.05/115.0045 (Bonferroni correction).
This means that in the multivariate analysis, we will
only consider variables with a P value ,.005 as statis-
tically significant. We are aware that Bonferroni is a rig-
orous method, and we therefore might have indicated
clinically relevant variables as not statistically signifi-
cant. SAS 9.3 was used for all analyses.
RESULTS
The mean prepregnancy BMI between the two
consecutive pregnancies increased from 23.3 (stan-
dard deviation 4.1) to 23.9 (standard deviation 4.4)
(P,.001); and we noticed an increase in the preva-
lence of overweight and obese women, from 25.4%
to 31.4%. In the group of obese women at the onset of
the first pregnancy, 28.7% gained 2 or more BMI units
at the start of the second pregnancy compared with
15% in the normal-weight women (P,.001). The larg-
est shifts occurred in the group of normal-weight
women, of whom 8.6% shifted from normal weight
to overweight (Table 1).
The proportion of women with excessive gesta-
tional weight gain was lower during the second
pregnancy for all BMI categories; however, more
than 50% of overweight and obese women gained
more weight than recommended in both pregnancies.
Table 1. Change of Body Mass Index Group From
the First to the Second Pregnancy
(N57,897)
n %
Underweight to underweight 239 3.03
Underweight to normal weight 134 1.70
Underweight to overweight 2 0.03
Normal weight to underweight 123 1.56
Normal weight to normal weight 4,681 59.28
Normal weight to overweight 683 8.65
Normal weight to obese 30 0.38
Overweight to normal weight 229 2.90
Overweight to overweight 986 12.40
Overweight to obese 229 2.90
Obese to underweight 1 0.01
Obese to normal weight 7 0.09
Obese to overweight 60 0.76
Obese 493 6.24
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Excessive weight gain was present in 27% and 18% of
the first and second pregnancies, respectively, in
normal-weight women. Mean interpregnancy time
lapse was 53.0 weeks (standard deviation 22.8).
Weight retention between pregnancies decreased with
maternal age and height, was lower with longer
interpregnancy time interval, and was higher in cases
of adverse outcome (pregnancy-induced hyperten-
sion, cesarean delivery, or macrosomia) during the
first pregnancy (Table 2). The prevalence of GDM
(from 1.9% to 2.3%; P5.001) and macrosomia (from
7.8% to 12.1%; P,.001) increased, whereas pregnancy-
induced hypertension (from 5.5% to 2.4%; P,.001),
cesarean delivery (from 15.8% to 14.7%; P,.001), and
low birth weight (from 4.5% to 2.4%; P,.001)
significantly decreased between the first and the sec-
ond pregnancies.
Univariate associations between perinatal out-
comes in the second pregnancy and changes in BMI
between pregnancies showed that the prevalence of
GDM, pregnancy-induced hypertension, cesarean
delivery, and macrosomia increased with increasing
interpregnancy weight change. The prevalence of low
birth weight decreased with increasing interpregnancy
weight change, but no association was observed
between the prevalence of congenital malformations
and interpregnancy weight change (Table 3). In the
multivariate unstratified sample, women who lost
more than 1 BMI unit between the first and second
pregnancy, indicated a decreased risk of 30%
(P5.003) for macrosomia, whereas the risk for low
birth weight increased by 92% (P5.001; table not
shown). The risk for pregnancy-induced hypertension
increased by 80% (P5.02) and 76% (P5.01), respec-
tively, for those who gained 2 and 3 or more BMI
units between pregnancies compared with those with
a BMI shift of less than 1 unit (reference group). The
risk for cesarean delivery increased by 37% if women
gained 3 or more BMI units between pregnancies
(P5.02). After applying the Bonferroni correction
for the multiplicity problem (six outcomes and differ-
ent categories of interpregnancy weight), only P val-
ues ,.005 were considered statistically significant.
Interaction statistics between prepregnancy BMI and
interpregnancy weight change indicated that the effect
of interpregnancy weight change on perinatal out-
comes was also influenced by the prepregnancy
BMI. We therefore stratified our analysis in groups
of women with prepregnancy BMI less than 25
(underweight and normal-weight women) and women
with prepregnancy BMI of 25 or greater (overweight
and obese women) at the beginning of the first
pregnancy.
In the stratified analysis, we showed that the risk
for GDM doubled with an interpregnancy weight gain
of 2 or more BMI units. The risk for pregnancy-induced
hypertension in the second pregnancy increased nearly
fourfold with an increment of 3 or more BMI units
between pregnancies, but both results were observed
only in underweight and normal-weight women
(Table 4). Their risk for macrosomia was halved and
the risk for low birth weight doubled if the BMI
decreased by more than 1 unit between pregnancies.
Furthermore, in overweight and obese women, the risk
Table 2. Mean Change in Interpregnancy Body
Mass Index According to Maternal
Characteristics and Perinatal Outcomes
of the First Pregnancy (N57,897)
n
Mean Change in
BMI SD
Maternal age (y)
Younger than 20 212 1.10 3.1
20–24 1,424 0.81 2.4
25–29 4,066 0.47 1.9
30–34 1,866 0.47 1.7
35–39 313 0.37 1.6
40 or older 16 0.34 1.8
P ,.001
Maternal height (cm)
159 or less 732 0.76 2.0
160–164 1,866 0.54 2.1
165–169 2,480 0.52 1.9
170–175 1,896 0.53 1.8
175 or greater 923 0.47 1.9
P .02
Pregnancy-induced
hypertension
No 7,462 0.52 1.9
Yes 435 0.92 2.3
P ,.001
GDM
No 7,748 0.55 1.9
Yes 149 0.31 2.4
P value .25
Cesarean delivery
No 6,648 0.52 1.9
Yes 1,249 0.68 2.2
P .02
Macrosomia ($ 4000 g)
No 7,283 0.52 1.9
Yes 614 0.82 2.1
P .003
Interpregnancy interval
(mo)
Less than 12 3,911 0.66 2.1
12 or more 3,986 0.43 1.8
P ,.001
BMI, body mass index; SD, standard deviation; GDM, gestational
diabetes mellitus.
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for cesarean delivery doubled if the BMI increased by
2 units or more between the first and the second preg-
nancy. Overweight and obese women with excessive
gestational weight gain during their first pregnancy
showed a nearly threefold increased risk for GDM in
the second pregnancy; but no effect was shown for in-
terpregnancy weight change. Additionally, prepreg-
nancy BMI before the first pregnancy remained
significantly associated with the risk for GDM and
pregnancy-induced hypertension in overweight and
obese women only and was no longer statistically signif-
icant in underweight and normal-weight women after
Bonferroni correction. In addition to the influence of
interpregnancy weight change, the risk for all perinatal
outcomes studied was positively influenced by their
occurrence during the first pregnancy.
DISCUSSION
In this population-based cohort, we show that, in
addition to the effect of prepregnancy BMI and
excessive gestational weight gain, weight retention
between the first and second pregnancy is associated
with a significantly increased risk for GDM, preg-
nancy-induced hypertension, and cesarean delivery
during the second pregnancy. More specifically, the
increased risk for GDM and pregnancy-induced
hypertension was only present in underweight and
normal-weight women. If, for example, a normal-
weight woman with a height of 1.65 m gains approxi-
mately 5.5 kg (1 unit BMI52.7 kg) between pregnancies,
her risk of developing GDM in the next pregnancy is
more than doubled compared with her counterpart with
a BMI shift of less than 1 unit (reference group). This
shows that even a relatively small increase in BMI
between pregnancies had an important effect on the risk
of developing GDM in the next pregnancy in these
women. On the other hand, the risk for cesarean deliv-
ery increased with interpregnancy weight retention, but
only in overweight and obese women. This additional
cesarean delivery risk related to interpregnancy weight
retention is worrying in view of the already high and
increasing cesarean delivery rates in Belgium and the
rest of the world, especially in obese women.24 Concur-
rently, a high postpartum weight retention is an impor-
tant contributor to long-term maternal obesity.25,26
Taken together, these results support the evidence for
a more intensive follow-up of the postpartum period,
a period that is not well studied at this moment.
The strength of this study is the large size and the
longitudinal design of a population-based cohort
looking at perinatal outcomes after a limited inter-
pregnancy time interval. Conclusions about the effects
of postpartum weight retention on relevant perinatal
outcomes can be drawn, taking also into account the
influence of gestational weight gain and prepregnancy
BMI. Some limitations need consideration. The inter-
pregnancy interval was short and did not exceed
2 years in our study. This may limit the generaliz-
ability of our findings but enables us to distinguish
between the real postpartum-related weight and
lifestyle-related weight fluctuation. We acknowledge
the possible underestimation of self-reported prepreg-
nancy weight and thus the underestimation of the
BMI. No information on maternal education, ethnic-
ity, and smoking behavior was available. We could
only control for maternal age. Information on pre-
gravid morbidity of hypertension or diabetes was also
not available. The adjusted odds for congenital
malformations of 2.35 in underweight and normal-
weight women by interpregnancy weight retention
between 1 and 2 BMI units must be interpreted with
caution because of the small numbers involved
(n529). After applying the Bonferroni methods, only
P values ,.005 were considered statistical significant.
The influence of weight changes before the first and
after the second pregnancy was not studied. Conse-
quently, effect sizes of interpregnancy weight loss
within different categories of prepregnancy BMI on
perinatal risks remain to be investigated. Few studies
give support for lower perinatal risks with a loss of
interpregnancy BMI units for the total group13 or for
overweight and obese27,28 only.
Our results are in accordance with the scarce
other studies examining interpregnancy weight
changes and the risk of GDM, pregnancy-induced
hypertension, and cesarean delivery.13,27,29 Villamor
et al13 and Ehrlich et al27 reported stronger effects of
interpregnancy weight gain and risk of pregnancy-
induced hypertension and GDM in underweight and
normal-weight women compared with those with
BMI greater than 25. We additionally controlled
and corrected for gestational weight gain and could
find effects of interpregnancy weight gain on pregnancy-
induced hypertension and GDM in underweight and
normal-weight women only. From a clinical point of
view, it could be important to distinguish between the
influence of weight gain during pregnancy and the
influence of interpregnancy weight change because
interpregnancy weight retention is affected by gesta-
tional weight gain in the first pregnancy and weight
change during the interpregnancy interval. Although
no effect of interpregnancy weight retention is shown
for risk of GDM in women with BMI 25 or greater, we
show that excessive gestational weight gain during the
first pregnancy is related to a nearly three times higher
risk for GDM in the next pregnancy. Gestational
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weight gain during the first pregnancy is part of inter-
pregnancy weight retention, and 61% of obese women
in our cohort showed excessive gestational weight gain
in their first pregnancy compared with 27% of normal-
weight women. Therefore, one could question the Insti-
tute of Medicine-recommended weight gain ranges for
overweight and obese women to obtain good perinatal
outcomes not only for the current, but also for the
Table 3. Univariate Associations Between Adverse Perinatal Outcomes During the Second Pregnancy and
Changes in Body Mass Index Categories, Perinatal Outcomes in First Pregnancy, and Maternal
Characteristics (N57,897)
Maternal Complications
GDM
(n5183)
No GDM
(n57,714) P
Pregnancy-
Induced
Hypertension
(n5186)
No Pregnancy-
Induced
Hypertension
(n57,711) P
Cesarean
Delivery
(n51,161)
No
Cesarean
Delivery
(n56,736) P
BMI (kg/m2) change
Less than 21 unit 19 (1.9) 1,007 (98.1) .001 24 (2.3) 1,002 (97.7) ,.001 154 (15.0) 872 (85.0) ,.001
Between 21 and 1
units (reference)
84 (2.0) 4,165 (98.0) 71 (1.7) 4,178 (98.3) 558 (13.1) 3,691 (86.9)
Between 1 and 2
units
34 (2.7) 1,225 (97.3) 31 (2.5) 1,228 (97.5) 194 (15.4) 1,065 (84.6)
Between 2 and 3
units
20 (3.2) 614 (96.8) 25 (3.9) 609 (96.1) 116 (18.3) 518 (81.7)
3 units or more 26 (3.6) 703 (96.4) 35 (4.8) 694 (95.2) 139 (19.1) 590 (80.9)
Gestational weight
gain during 1st
pregnancy
Inadequate* 46 (2.4) 1,890 (97.6) .84 23 (1.2) 1,913 (98.8) ,.001 234 (12.1) 1,702 (87.9) ,.001
Adequate 58 (1.9) 3,062 (98.1) 56 (1.8) 3,064 (98.2) 397 (12.7) 2,723 (87.3)
Excessive† 79 (2.8) 2,762 (97.2) .04 107 (3.8) 2,734 (96.2) ,.001 530 (18.7) 2,311 (81.3) ,.001
Gestational weight
gain during 2nd
pregnancy
Inadequate* 83 (3.3) 2,439 (96.7) ,.001 40 (1.6) 2,482 (98.4) .002 348 (13.8) 2,174 (86.2) .12
Adequate 62 (1.9) 3,119 (98.1) 58 (1.8) 3,123 (98.2) 421 (13.2) 2,760 (86.8)
Excessive† 38 (1.7) 2,156 (98.3) .03 88 (4.0) 2,106 (96.0) ,.001 392 (17.9) 1,802 (82.1) ,.001
Complications, 1st
pregnancy
Pregnancy-induced
hypertension
18 (4.1) 417 (95.9) .009 95 (21.8) 340 (78.2) ,.001 112 (25.7) 323 (74.3) ,.001
GDM 64 (43.0) 85 (57.0) ,.001 6 (4.0) 143 (96.0) .17 40 (26.8) 109 (73.2) ,.001
Cesarean delivery 44 (3.5) 1,205 (96.5) .002 40 (3.2) 1,209 (96.8) .03 848 (67.9) 401 (32.1) ,.001
Macrosomia (4,000
g or greater)
32 (5.2) 582 (94.8) ,.001 10 (1.6) 604 (98.4) .22 144 (23.5) 470 (76.5) ,.001
LBW (less than
2,500 g)
8 (2.3) 344 (97.7) .95 23 (6.5) 329 (93.5) ,.001 89 (25.3) 263 (74.7) ,.001
Congenital
malformations
1 (3.2) 30 (96.8) .74 1 (3.2) 30 (96.8) .75 9 (29.0) 22 (71.0) .02
Perinatal mortality 4 (8.9) 41 (91.1) .003 2 (4.4) 43 (95.6) .35 19 (42.2) 26 (57.8) ,.001
BMI change,
continuous
0.962.5 0.561.9 .004 1.262.3 0.561.9 ,.001 0.862.2 0.561.9 .001
BMI 1st pregnancy 25.665.5 23.364.0 ,.001 26.165.3 23.264.0 ,.001 24.564.8 23.163.9 ,.001
Maternal age (y) 2nd
pregnancy
29.963.7 29.264.0 .02 29.264.2 29.264.0 .92 29.764.2 29.163.9 ,.001
Gestational age (wk)
1st delivery
38.662.0 39.161.7 .001 38.162.4 39.161.6 ,.001 38.962.1 39.161.6 .63
Interpregnancy
interval (wk)
53.6625.6 53.1622.7 .78 51.6622.5 53.1622.8 .39 53.8623.7 52.9622.6 .38
GDM, gestational diabetes mellitus; BMI, body mass index; LBW, low birth weight.
Data are n (%) or mean6standard deviation unless otherwise specified.
* P was calculated for the comparison of inadequate compared with adequate and excessive gestational weight gain.
† P was calculated for the comparison of excessive compared with adequate and inadequate gestational weight gain.
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subsequent pregnancy. The recommended ranges of
7–11.5 kg or 5–9 kg (Institute of Medicine) for over-
weight and obese women, respectively, may still be too
high.30,31 A revision of guidelines on adequate gesta-
tional weight gain for obese pregnant women may lead
to better perinatal outcomes in the subsequent preg-
nancy but awaits further confirmation.
Getahun et al29 also reported an association between
an increased risk of cesarean delivery and interpreg-
nancy weight retention; however, they did not
Neonatal Complications
Macrosomia
(n5953)
No
Macrosomia
(n56,944) P
Low Birth
Weight
(n5191)
No Low Birth
Weight
(n57,706) P
Congenital
Malformations
(n548)
No
Congenital
Malformations
(n57,849) P
102 (9.9) 924 (90.1) ,.001 35 (3.4) 991 (96.6) .008 10 (1.0) 1,016 (99.0) .94
486 (11.4) 3,763 (88.6) 104 (2.4) 4,145 (97.6) 18 (0.4) 4,231 (99.6)
164 (13.0) 1,095 (87.0) 29 (2.3) 1,230 (97.7) 11 (0.9) 1,248 (99.1)
95 (15.0) 539 (85.0) 14 (2.2) 620 (97.8) 5 (0.8) 629 (99.2)
106 (14.5) 623 (85.5) 9 (1.2) 720 (98.8) 4 (0.5) 725 (99.5)
128 (6.6) 1,808 (93.4) ,.001 82 (4.2) 1,854 (95.8) ,.001 13 (0.7) 1,923 (99.3) .68
329 (10.5) 2,791 (89.5) 66 (2.1) 3,054 (97.9) 13 (0.4) 3,107 (99.6)
496 (17.5) 2,345 (82.5) ,.001 43 (1.5) 2,798 (98.5) ,.001 22 (0.8) 2,819 (99.2) .15
158 (6.3) 2,364 (93.7) ,.001 125 (5.0) 2,397 (95.0) ,.001 13 (0.5) 2,509 (99.5) .47
368 (11.6) 2,813 (88.4) 47 (1.5) 3,134 (98.5) 17 (0.5) 3,164 (99.5)
427 (19.5) 1,767 (80.5) ,.001 19 (0.9) 2,175 (99.1) ,.001 18 (0.8) 2,176 (99.2) .13
67 (15.4) 368 (84.6) .03 18 (4.1) 417 (95.9) .02 4 (0.9) 431 (99.1) .40
29 (19.5) 120 (80.5) .005 4 (2.7) 145 (97.3) .83 1 (0.7) 148 (99.3) .92
117 (9.4) 1,132 (90.6) .001 36 (2.9) 1,213 (97.1) .24 9 (0.7) 1,240 (99.3) .58
253 (41.2) 361 (58.8) ,.001 3 (0.5) 611 (99.5) .001 4 (0.7) 610 (99.3) .88
9 (2.6) 343 (97.4) ,.001 58 (16.5) 294 (83.5) ,.001 2 (0.6) 350 (99.4) .92
6 (19.4) 25 (80.6) .21 0 (0.0) 31 (100) .38 1 (3.2) 30 (96.8) .06
3 (6.7) 42 (93.3) .26 5 (11.1) 40 (88.9) .001 0 (0.0) 45 (100) .60
0.862.1 0.561.9 ,.001 0.162.1 0.662.0 .01 0.662.0 0.562.0 .46
24.564.3 23.264.0 ,.001 22.264.1 23.364.0 ,.001 24.564.6 23.364.0 .08
29.463.7 29.164.0 .05 28.964.5 29.264.0 .17 29.064.3 29.264.0 .67
39.461.3 39.161.7 ,.001 37.763.1 39.161.6 ,.001 39.561.4 39.061.7 .02
53.2622.5 53.1622.8 .88 49.1623.3 53.1622.8 .01 53.1623.9 53.0622.8 .90
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Table 4. Adjusted Odds Ratios for Adverse Perinatal Outcomes During the Second Pregnancy in Relation
to Change in Categories of Body Mass Index Between the First and Second Pregnancy Stratified
by Prepregnancy Body Mass Index at First Pregnancy (N57,897)
Maternal Complications
GDM P
Pregnancy-Induced
Hypertension P Cesarean Delivery
BMI (kg/m2) less than 25 (n55,892) 107 94 744
BMI change (unit)
Less than 21
Between 21 and 1 (reference)
Between 1 and 2 1.82 (1.08–3.08) .03
Between 2 and 3
2 or more* 2.25 (1.33–3.78) .002
3 or more 3.76 (2.16–6.57) ,.001
BMI at 1st pregnancy 1.12 (1.003–1.26) .04 1.14 (1.01–1.29) .04
Maternal age (y) at 2nd pregnancy 1.07 (1.02–1.12) .01 1.03 (1.002–1.05)
Gestational age (wk) at 1st delivery 0.89 (0.81–0.97) .01 0.84 (0.77–0.91) ,.001
Gestational weight gain during 2nd
pregnancy
Inadequate 2.29 (1.50–3.50) ,.001
Excessive
Complications, 1st pregnancy
Pregnancy-induced hypertension 29.10 (18.70–45.29) ,.001
GDM 39.45 (23.26–66.89) ,.001 2.07 (1.04–4.11)
Induction of labor
Cesarean delivery 37.94 (31.12–46.26)
Macrosomia (4,000 g or greater) 3.44 (1.92–6.16) ,.001 1.91 (1.35–2.69)
LBW (less than 2,500 g)
Congenital malformations
Perinatal mortality 13.26 (6.06–29.03)
BMI 25 or more (n52,005) 67 92 417
BMI change (units)
2 or more* 2.04 (1.41–2.95)
3 or more
BMI in 1st pregnancy 1.10 (1.03–1.16) .002 1.08 (1.03–1.14) .002
Interpregnancy interval (wk)
Gestational age (wk) at 1st delivery 0.86 (0.75–0.98) .03 0.81 (0.73–0.89) ,.001 1.10 (1.01–1.20)
Gestational weight gain at 1st pregnancy
Inadequate 1.85 (1.10–3.11)
Excessive 2.84 (1.52–5.33) .001
Gestational weight gain at 2nd pregnancy
Inadequate 2.47 (1.29–4.74) .007
Excessive 0.42 (0.21–0.83) .01 1.75 (1.10–2.77) .02
Complications, 1st pregnancy
Pregnancy-induced hypertension 10.74 (6.76–17.07) ,.001
GDM 46.40 (24.82–86.73) ,.001
Induction of labor
Cesarean delivery 0.53 (0.29–0.97) .04 71.73 (51.17–100.55)
Macrosomia (4,000 g or greater)
LBW (less than 2,500 g)
Perinatal mortality 21.43 (7.14–64.35)
GDM, gestational diabetes mellitus; BMI, body mass index; LBW, low birth weight.
Data are n or adjusted odds ratio (95% confidence interval) unless otherwise specified. Data are missing from some rows because only
statistically significant associations are presented.
After Bonferroni adjustment, only P,.005 was considered statistically significant.
* The interpregnancy weight change categories of BMI 2 to 3 and BMI of 3 and more were merged.
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distinguish between women with BMI less than or
more than 25 and only used outcomes for primary
cesarean delivery. They also showed that women
who shifted to a lower BMI category had a cesarean
delivery risk that was comparable to those with a nor-
mal BMI in both pregnancies. This was however not
shown in our cohort, in which we did not distinguish
between primary (elective) and secondary (emergency)
cesarean delivery. It is known that the decision for
cesarean delivery is also affected by maternal and
Neonatal Complications
P Macrosomia P
Low Birth
Weight P
Congenital
Malformations P
610 162 29
0.50 (0.35–0.71) ,.001 2.22 (1.41–3.51) ,.001
2.35 (1.06–5.18) .03
1.10 (1.04–1.15) ,.001 0.90 (0.82–0.98) .01
.04
1.09 (1.02–1.18) .02
0.58 (0.47–0.73) ,.001 3.59 (2.52–5.11) ,.001
1.53 (1.24–1.88) ,.001
2.09 (1.15–3.78) .02
.04
,.001 0.50 (0.37–0.67) ,.001
,.001 5.78 (4.54–7.34) ,.001
0.24 (0.09–0.67) .006 8.99 (6.18–13.04) ,.001
3.69 (1.15–11.81) .03 9.68 (1.25–75.30) .03
,.001 4.48 (1.02–19.74) .047
343 29 19
,.001 1.42 (1.08–1.87) .01
1.01 (1.00–1.01) .04
.03
.02
0.52 (0.33–0.82) .004
1.59 (1.21–2.09) .001 0.20 (0.08–0.54) .001
2.49 (1.006–6.16) .048
,.001 0.68 (0.49–0.93) .02
5.05 (3.73–6.83) ,.001
8.76 (3.57–21.50) ,.001
,.001
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physicians’ preferences. Analyzing emergency cesarean
delivery only would probably lead to a more risk-based
insight.
An American study including more than 10,000
obese women28 found an increased risk for macroso-
mia in overweight and obese women with an inter-
pregnancy weight retention of 2 or more BMI units.
In contrast to our findings, they reported a lower risk
for large-for-gestational-age neonates by an interpreg-
nancy weight loss of 2 or more BMI units in obese
women. We only found a lower risk of macrosomia in
women with BMI less than 25 if they lost more than 1
BMI unit between the first and second pregnancy. We
did, however, not differentiate between various
weight loss categories in our multivariate analysis as
was the case in the study by Jain.28
These results mean that for underweight and
normal-weight women, the interpregnancy period
should be an important window of opportunity for
weight management and follow-up, especially if they
plan a subsequent pregnancy. Routine visits with
health care providers should focus on these “initial
low-risk” women because they are usually not tar-
geted for weight management and are often neglected
in interventional programs. Although we could not
find an association between interpregnancy weight
loss and reduced risk of GDM as was the case in
earlier studies,14,27 we should at least focus on stabiliz-
ing interpregnancy weight in this “initial low-risk”
group. Motivation to return to prepregnancy BMI
should be an important cue to action. Obesity at the
onset of pregnancy is known to carry a high risk for
both the mother and her child in the short and long
term.2,4,5,32 This is supported in our study by the sig-
nificant influence of the prepregnancy BMI at first
pregnancy on perinatal risks. The preconceptional
period before the first pregnancy therefore provides
an important window of opportunity for motivational
behavior coaching to strive for an optimal prepreg-
nancy weight.33,34 Because the significant recurrence
risks for perinatal complications in the second preg-
nancy are well demonstrated in this and other stud-
ies,27 the prevention of these complications in the first
pregnancy should be an important target. Because
most published intervention trials aimed at reducing
gestational weight gain in obese women were not able
to reduce their increased perinatal risks,35,36 the pre-
conceptional period remains an important time to
focus on for the prevention of an unhealthy maternal
weight before the start of a pregnancy.
To conclude, we showed that weight retention
between the first and second pregnancy increased the
risk for GDM and pregnancy-induced hypertension in
underweight and normal-weight women and for
cesarean delivery in overweight and obese women.
In underweight and normal-weight women, weight
loss between the first and second pregnancy decreased
macrosomia but at the expense of an increase in low-
birth-weight neonates.
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